In this paper, the modeling results are presented of point emitter geometric parameters determining the dispersion of dust pollution in the atmospheric air and finally also dustfall. The parameters include: the height and diameter of the emitter. Using the maps generated by "Ek100w" programme of Atmoterm company from Opole, Poland, an analysis of the PM10 dustfall value distribution on the analyzed area has been made. Fraction of dust -PM10 -was emitted from emitters of various working parameters. Three situations were analyzed: emission from a one-family (detached) building, from and industrial plant and from a power plant. Different heights and diameters for the above cases were analyzed. What results from the work, is that the mentioned parameters have a significant influence on the value of dustfall on the area surface at different distances from the emitter. With the increase of the height and diameter of the emitter, the values of dustfall decrease. The distance of the maximal values occurrence also increases. Results of similar analysis and available tools allow to design emission in practice, and thus allow a maximal limitation of ambient concentration of pollution and dustfall in areas especially exposed to industrial and superficial emission.
Introduction
One of the ways to limit the negative effect of pollution emitted to the atmospheric air are secondary methods used at the stage of waste gases emission. Adequate legal acts determine the permitted quantities of pollution which subjects are allowed to emit in a given unit of time and the permissible levels of chosen substances in the air, i.e. their quantities in a unit of air for a given area. An important component of comprehensive air preservation is the monitoring of ambient concentration of air pollution in a given area. One of the tools used for a complete analysis of the state of the atmospheric air pollution caused by emission of pollution from a complex of emitters is "Ek100w" programme of Atmoterm company. The calculations are made on the basis of Pasquill's model recommended in Poland as the model for the calculation of the influence of industrial plants' emission onto the condition (quality) of atmospheric air. Other countries have different evaluation methods of the dustfall in the atmosphere [1] [2] [3] [4] .
Emission, ambient concentration and dustfall
In accordance with the Act of 27 th April 2001, Environmental Protection Law [5] , emission is defined as direct or indirect introduction of pollution into the environment as a result of human activity. Emission is the quantity of pollution introduced to the atmospheric air within a given time. Emission is determined in the following units: mg/s, kg/h and Mg/year.
Ambient concentration is the quantity of pollution received by the environment. It is a measure of the degree of pollution, defined as a concentration of pollutants in the air, expressed in the mass units of the given pollutant per unit of air volume -µg/m 3 or ppm, ppb. The evaluation of the level of substances in the air is made by comparing them with the permissible concentration values of the substances in the air [5] .
Dustfall is the quantity of the solid substance polluting the atmosphere, emitted by the emitter, which falls onto the area unit of terrain within a year. The value is expressed with a unit of g/m 2 ·year. In Poland, PM10 (particles of diameter smaller than 10 µm) are especially monitored because they are particles that are suspended and can be breathed in by people.
Factors influencing the spread of pollution in the air
The process of pollution dispersion in the atmosphere is determined by the following factors:
• Meteorological factors (atmospheric turbulence, vertical thermal gradient, horizontal movement of air masses, thickness of mixing zone, precipitation, etc.) • Topographical factors (area shape -topographic profile, type of land developmentaerodynamic surface roughness coefficient) • Technical and technological factors (height and diameter of the emitter, speed of output and temperature of emitted gasses) [6] . An analysis has been made, in this article, of the influence of the technical factors, and especially of the height and diameter of the emitter, onto the isoline of dustfall in an area limited by the analysis net.
Waste gasses introduced into the air via chimneys are subject to the phenomenon of "plume rise" (Fig. 1) . The plume rise -∆h -is created as a result of the use of kinetic energy and the uplift pressure of the gas sent to the atmosphere. It lasts until the waste gases mix with the surrounding air. As a result, the gasses emitted from chimneys (stacks) behave as if they were emitted from height H (Fig. 1) , i.e. a level higher than the geometrical height of the chimney (stack) -h. The H height is called the "effective emitter height" and determines the distance of the plume axis from the surface of the earth: There are three phases of the waste gases plume spread: • Phase one -occurs directly after the gases leave the chimney (stack). The plume is almost vertical and has high kinetic energy.
• Phase two -transitory -starts at the moment of a clear curvature of the trajectory and ends when the vertical component of the plume movement aliases with the vertical component of the wind velocity. The axis of the plume is almost horizontal.
• Phase three -the thickness of the plume, its temperature and velocity are identical to the very same factors of the atmospheric air. At this phase, the real process of pollution spread in the atmosphere begins. Here, the technical conditions of the emission, apart from its quantity and the type of contaminants, no longer have influence on the physical properties of the plume, while the meteorological and topographical factors are of decisive significance. 
Methodology of the analysis of pollution spread in the air
The analysis of the PM10 suspended dust in the air was carried out by calculating the value of dustfall in various distances from the emitter. Dustfall is the quantity of dust which falls on the area of one m 2 within a year. As a tool, "Ek100w" programme of Atmoterm company was used, which made it possible to graphically present the results in the form of isolines on maps. The programme is based on Pasquill's model, recommended by the Ministry of Environment [7] .
The Pasquill's equation is a solution to the reduced differential equation of the diffusion of pollution in a moving gas medium. It is applied in the case of point sources set in time, e.g. chimneys (stacks), air vents, ventilation ejectors. The result of the solution to Pasquill's equation is the concentration of pollution in every point of the calculation area.
Order of the Minister of Environment of 26 January 2010 concerning the reference values
for particular substances in the air describes the reference methodology of modelling levels of substances in the air and on the ground surface (dustfall) and equations for calculation [7] . The above methodology is used in the article.
The "Ek100w" programme of Atmoterm S.A. is an all-purpose tool allowing the making of an analysis of the dispersion of pollution in the atmospheric air, emitted from individual or complex, point, linear or surface emitters.
The calculations have been done for the parameters presented in Tables 1 and 2 . It was assumed that the emitter is an open (non-roofed) point emitter with the height of 10 m and an internal diameter of 1 m. The parameters which were subject to the modelling were the height and the diameter of the emitter. The obtained calculation results of dust concentration in all the points of the calculation net have been visualised on maps in the form of isolines of dustfall on the calculation area. Then, an analysis of the isoline layout changes was made in the cases where various data was used for the same parameters. The analysis has been made for the heights of 4, 10, 50, 90, and 110 metres and for the diameters of 0.5, 1, 2 and 3 metres. Values of PM10 dustfall on the surface of the earth were calculated at various distances and directions from the emitter. The calculation net was assumed to be at the level of the terrain, and the number of calculation points was approx. 2000. 
Results
The results of modelling the dust pollution dispersion in the atmosphere have been presented on maps as isolines of dustfall. The calculation areas were made of 2000 up to 5000 calculation points, where the Ek100 programme calculated the values of dustfall for particular parameters of the emitter and exhaust gases. A visualisation was made using the calculation results, the outcome of which are the maps presented in Figures 2-11 . 
Analysis and elaboration on the results
The analysis concerns variations of dustfall in various distances from the emitter, in indicated points of the calculation net, assumed for individual cases (Tables 1 and 2 ). The article presents two characteristic results for an extreme situation in each case (Table 3) , e.g. in the case of a point emitter in a one-family household: emitter with the height of 4 m, for a low building, and 10 m for a high one, and for a production plant: 10 and 50 m, and for a power plant: 90 and 110 m.
Analysing the impact of geometric parameters of the emitter onto the distribution of dustfall in the area of this emitter's influence (50 h) [7] , the significance of the geometric height of the emitter and its diameter have been considered. The results prove unequivocally that the impact of the parameters is significant, not only as regard to the value of dustfall, but also as regard to the distance from the emitter in which the dust will fall onto the surface of the ground. Figure 2 presents the distribution of dustfall isolines for an emitter situated on a roof of a low one-family building, with an outlet at the height of 4 m and a diameter of 1 m. In such a case, the dust emitted together with the waste gases falls onto the surface of the ground right next to the building, which constitutes an immediate health hazard for the inhabitants of the property. The area in which most of the dust will fall is from 17 to 34 metres from the emitter, in the distance depending on the wind rose for the given area. The dustfall here reaches the values of 29 to 49 g/m 2 ·year, with a value of dust emission assumed for a coal-fired furnace. At the distance higher than 240 m from the emitter, the dustfall is minimal. Comparing Figures 2 and 3 , it is visible that if the emitter is raised by 6 m, the pollution will fall further from the emitter and the maximal concentration will be lower. Figure 3 shows a case of an emitter with the height of 10 m. The other parameters are kept unchanged, as in the previous case. Here, the dust starts to fall at the distance of 14 m from the emitter. The area with maximal values is situated locally at the distance from 25 to 64 m from the emitter, where the dustfall assumes values above 15 g/m 2 ·year. The dustfall disappears at the distance of approx. 340 m from the emitter. In the case of low, single-family houses, the most polluted areas will be the ones within the same property, while in the case of higher emitters, the highest dust concentration will be in neighbouring areas. However, the concentration will be twice as low.
Figures 4 and 5 present a situation of an average industrial plant. Cases were analysed where the emitter has the height of 10 and 50 m with a diameter of 1 m. In the case where the emitter has the height of 10 m (Fig. 4) , the dust pollution fall to the surface of the ground at the distance of approx. 13 m from the emitter. The maximal dustfall is located within the distance of 26 to 56 m from the emitter and reaches the values of the order of 170 g/m 2 ·year. However, if the emitter has the height of 50 m (Fig. 5) , the dust does not fall until it reaches the distance of 80 m from the emitter. It is caused by the bigger "silence zone" around the emitter, which rises along with the height of the emitter, which means with the height of the exhaust gases plume rise and of the effective height of the emitter. The area where the largest dustfall is observed spreads within the distance of 160 to 212 m from the emitter. The dustfall disappears above 570 m away from the emitter, while in the previous case (10 m) it is approx. 350 m, and the maximal concentration is approx. 20 times lower.
Another case concerns high emitters, which are characteristic of power plants. The article includes results from the height of 90 and 110 m and the diameter of 3 m. The assumed dust emission is assumed at the level of 30 kg/h, and the velocity of exhaust gases v = 10 m/s. Analysing Figure 6 , it is noticeable that the "silence zone" is approx. 200 m, while in the case of h = 110 m (Fig. 7) it is approx. 250 m. The highest dustfall occurs within the distance of 450 to 556 m from the emitter with the height of 90 m and is approx. 21 g/m 2 ·year, and approx. 14 g/m 2 ·year at the distance of 488 to 732 m for h = 110 m. At the lower height of the emitter, the dustfall disappears at the distance of approx. 2 km, while at the higher one -approx. 3 km from the emitter. The maximal values of dustfall vary between the cases mentioned above by approx. 7 g/ m 2 ·year. Figures 8-11 concern the modelling of the diameter of the emitter and the changes of dust dispersion in the atmosphere. ·year. In the situation presented in Figure 9 , where the diameter of the emitter is changed from 0.5 to 1 m, the highest dustfall is approx. 15 g/ m 2 ·year at the distance of 33 to 70 m from the centre of emission. The radius up to which dustfall is not registered is, in both cases, several metres from the emitter, while the dustfall disappearance distance is approx. 200 m for the diameter of the emitter of 0.5 m and over 320 m for the emitter diameter of 1 m.
The modelling of dust pollution dispersion in the atmosphere depending on the diameter of emitter at a power plant is presented in Figures 10 and 11 . The height of the stacks was 90 m, and the dust emission value was 30 kg/h. Figure 10 depicts the situation where the emitter diameter is 2 m. In this case, dust starts falling onto the surface of the ground about 175 m from the emitter, reaching the maximal values of 29 g/ m 2 ·year at the distances from 386 to 490 m from the emitter. The dustfall disappears at a distance higher than 2.3 km from the emission centre. If the diameter of the stack is increases by 1 m (Fig.  11) , the maximal dustfall decreases to the value of 21 g/ m 2 ·year, and the distance of its occurrence increases to 400-614 m from the emitter. In this case, dustfall disappears after over 2.7 km from the emitter. Thus, it can be noticed that by increasing the diameter of the power-plant emitter by 1 m, a decrease of the maximal dustfall values and a slight increase of the "silence zone" around the emitter is obtained. If, in a one-family (detached) building case, the height of the emitter is increased by 6 m, the maximal value of dustfall is 2 times lower. If, in an industrial plant case, the height of the emitter is increased from 10 to 50 m, the maximal value of dustfall will be 28 times lower. Similarly, if the height of the power plant emitter is increased by 20 m, the maximal value of dustfall will be more than 2 times lower. 2. The distance of the area with maximum accumulation of dust pollution is located further from the emitter when the emitter height is higher: for h = 4 m the distance will be 17 m, for h = 50 m the distance will be 160 m, and for h = 110 m it will be 488 m. Similarly, when the diameter is increased from 2 m to 3 m the maximal dustfall will increase by dozens of meters.
